We present the results of an unbiased asteroid survey in the mid-infrared wavelength region with the Infrared Camera (IRC) on board the Japanese infrared satellite AKARI. About 20% of the point source events recorded in the AKARI All-Sky Survey observations are not used for the IRC Point Source Catalog (IRC-PSC) in its production process because of a lack of multiple detection by position. Asteroids, which are moving objects on the celestial sphere, remain in these "residual events". We identify asteroids out of the residual events by matching them with the positions of known asteroids. For the identified asteroids, we calculate the size and albedo based on the Standard Thermal Model. Finally we have a new brand of asteroid catalog, named the Asteroid Catalog Using AKARI (AcuA), which contains 5120 objects, about twice as many as the IRAS asteroid catalog. The catalog objects comprise 4953 main belt asteroids, 58 near-Earth asteroids, and 109 Jovian Trojan asteroids. The catalog is publicly available via the Internet.
Introduction
The physical properties of asteroids are fundamental to understanding the formation process of our planetary system. In the present solar system, asteroids are thought to be the primary remnants of the original building blocks that formed the planets. They contain a record of the initial conditions of our solar nebula of 4.6 Gyr ago. The composition and size distribution of asteroids in the asteroid belt provide significant information on their evolution history, although they have experienced mutual collisions, mass depletion, mixing, and thermal differentiation, which have shaped their present-day physical and orbital properties.
The size and albedo are the basic physical properties of the asteroid. In some cases, by combining the size and the mass, which are precisely measured using modern techniques (Hilton 2002) , the bulk density of the asteroid can be estimated (Britt et al. 2002) . It is a powerful indicator to investigate the macroscopic porosity and the inner structure of an asteroid. The total mass and the size distribution of asteroids are crucial to understanding the history of the solar system (Bottke et al. 2005) . The mineralogy and elemental composition of asteroids can also be estimated from the albedo (Burbine et al. 2008) .
There are several survey catalogs of asteroids: the 2MASS Asteroid Catalog (Sykes et al. 2000) compiles near-infrared colors of 1054 asteroids based on the Two Micron All Sky Survey; the Subaru Main Belt Asteroid Survey (SMBAS: Yoshida & Nakamura 2007) gives the size and color distributions of 1838 asteroids observed with the Subaru telescope; the SDSS Moving Object Catalog (SDSS MOC: Parker et al. 2008) consists of multicolor photometry of 88000 asteroids from the Sloan Digital Sky Survey; the Sub-Kilometer Asteroid Diameter Survey (SKAD: Gladman et al. 2009 ) provides the size distribution of 1087 asteroids based on observations with the 4 m Mayall telescope at Kitt Peak National Observatory. While these catalogs are based on optical to near-infrared observations, the size and albedo of asteroids are decoupled, and can be determined solely independently, once midinfrared observations are accomplished (Lebofsky & Spencer 1989; Bowell et al. 1989; Harris & Lagerros 2002) .
A radiometric technique was first applied to determine the size and albedo of asteroids with ground-based observatories by Allen (1970) for 4 Vesta, by Allen (1971) for 1 Ceres, 3 Juno, and 4 Vesta, and by Matson (1971) for 26 major main-belt asteroids. A pioneering systematic asteroid survey with a space-borne telescope was made by the Infrared Astronomical Satellite (IRAS) launched in 1983 (Neugebauer et al. 1984) . IRAS observed more than 96% of the sky at the mid-and far-infrared 4 bands (12, 25, 60, and 100 m) during the 10-month mission life. It derived the size and [Vol. 63, albedo of 2200 asteroids (Tedesco et al. 2002a) .
1 Another serendipitous survey was carried out by the Midcourse Space Experiment (MSX) launched in 1996 (Mill et al. 1994; Price et al. 2001) . It observed 10% of the sky at 6 bands of 4. 29, 4.35, 8.28, 12.13, 14.65, and 21 .34 m; 160 asteroids were identified, for which the size and albedo were provided (Tedesco et al. 2002b) .
2 Also, the Infrared Space Observatory (ISO) launched in 1995 (Kessler et al. 1996 ) made yet-another part-of-sky survey, and observed several planets, satellites, comets, and asteroids at infrared wavelengths (Müller et al. 2002) . Despite these extensive past surveys, the asteroids for which the size and albedo have been determined are still only 0.5% of those with known orbital elements.
AKARI is the first Japanese space mission dedicated to infrared astronomy (Murakami et al. 2007) . AKARI is equipped with a 68.5 cm cooled telescope, a 170-liter container of superfluid liquid Helium (LHe), and two sets of two-stage Stirling cycle coolers. The focal plane instruments consist of the Infrared Camera (IRC) (Onaka et al. 2007 ) and the Far-Infrared Surveyor (FIS) (Kawada et al. 2007) , that cover the spectral ranges of 2-26 m and 50-180 m, respectively. AKARI carried out the second generation infrared all-sky survey after IRAS. The All-Sky Survey is one of the main objectives of the AKARI mission in addition to pointed observations. It surveyed the whole sky at 6 bands in the mid-to farinfrared spectral range with a solar elongation of 90 ı˙1ı so as to avoid radiation from Earth and the Sun. The AKARI satellite was launched on 2006 February 21 (UT). The All-Sky Survey had continued until the LHe was boiled off on 2007 August 26. In total, more than 96% of the sky had been observed more than twice 3 during the cryogenic mission phase. In this paper, we present a catalog of the size and geometric albedo of asteroids based on the IRC All-Sky Survey data. The IRC All-Sky Survey was carried out at two bands in the mid-infrared: S9W (6.7-11.6 m) and L18W (13.9-25.6 m). The IRC All-Sky Survey has advantages over the IRAS survey in detecting asteroids in the sensitivity and spatial resolution, both of which have been improved by an order of magnitude. The 5 detection limits at the S9W and L18W bands are 50 and 90 mJy, respectively, and the spatial resolution of the IRC in the All-Sky Survey mode was 10 00 per pixel (Ishihara et al. 2010) . Point-source detection events were extracted and processed in the IRC All-Sky Survey observation data, from which the IRC Point Source Catalog (IRC-PSC: Ishihara et al. 2010 ) was produced after checking the positions of sources with multiple detection. About 20% of the extracted events in the All-Sky Survey data are not used for the IRC-PSC, because of a lack of confirmation detection. We identify asteroids out of the events excluded from the IRC-PSC. In this process, we search for events whose positions agree with those of asteroids with known orbits. The asteroid positions were calculated by numerical integration of the orbit. We have not made any attempt to discover new asteroids in this project, whose orbital elements are not archived in the database. For each identified object, we calculated the size and albedo using the Standard Thermal Model of asteroids (Lebofsky et al. 1986 ). Finally, we obtained an unbiased, homogeneous asteroid catalog, which contains 5120 objects in total, twice as many as the IRAS asteroid catalog. This corresponds to 1% of all the asteroids with known orbital elements. This paper is organized as follows: In section 2, we describe the data reduction and the creation procedure of the asteroid catalog from the IRC All-Sky Survey data. In section 3, we describe characteristics of the obtained catalog. In section 4, we summarize the paper and discuss future prospects. Scientific output from this catalog will be discussed at length in a forthcoming paper (F. Usui et al. in preparation).
Data Processing and Catalog Creation

The AKARI IRC All-Sky Survey
The AKARI All-Sky Survey observation started on 2006 April 24 as part of performance verifications of the instruments prior to nominal observations, which started on 2006 May 8. In the All-Sky Survey observation mode, AKARI always points the telescope in the direction perpendicular to the Sun-Earth line, and rotates once every orbital revolution in a Sun-synchronous polar orbit (see figure 4 in Murakami et al. 2007 ). The telescope looks in the direction opposite to the Earth's center to make continuous scans on the sky at a rate of 216 00 s 1 . The orbital plane rotates around the axis of Earth at the rate of the orbital motion of Earth, and thus the whole sky can be observed in half a year. During the 18-month course of the AKARI LHe mission, a given area of the sky was observed three or more times on average, depending on the ecliptic latitude. A large number of scan observations were made in the ecliptic polar regions, while only two scan observations (overlapping halves of the FOV in contiguous scans) were possible in half a year for given spots on the plane of the ecliptic. In this regard, solar-system objects near the ecliptic give few observation opportunities with AKARI. In addition to the low visibility, other conditions further limit the observation opportunities near the ecliptic, including the disturbances such as the Moon and the South Atlantic Anomaly (SAA), that is a high-density region of charged particles (mainly protons) at an altitude of a few hundred km above Brazil. Another complication arose as to the operation after the first half year, which was called the offset survey. It was an "aggressive" operation to swing the scan path to complement imperfect scan observations in the first half year, which had been made in a "passive" survey mode. The first half-year survey left many regions of the sky unobserved due to the Moon and the SAA, to conflicts with pointed observations, and to telemetry downlink failures. To make up observations of these regions and to increase the completeness of the sky coverage, the scan path was shifted from the nominal direction to fill the gaps on almost every orbit in the second and third halves of years (Y. Doi et al. in preparation) . For observations of solar-system objects, the offset survey operation has both positive and negative effects. Some objects may lose observation opportunities completely, No. 5] Murakami et al. (2007) and Onaka et al. (2007) . The two solid lines in each detector denote the positions of the operating pixel rows (the 117th and 125th of the total 256 rows) for the All-Sky Survey observation mode. The separation between the two rows is exaggerated in figure. Combining these two rows in the data processing, we remove false signals due to cosmic ray hits (millisec confirmation, Ishihara et al. 2010). while others may increase the number of detections drastically.
Since solar-system objects have their orbital motions, detection cannot be confirmed in principle by the position on the celestial sphere. Moreover, S9W and L18W observed different sky regions 25 0 apart in the cross-scan direction from each other because of the configuration on the focal plane (figure 1), and an object was not observed with the 2 bands in the same scan orbit. Therefore, a single event of a point source needs to be examined without stacking. Figure 2 shows the normalized spectral response function of S9W and L18W. The calculated model fluxes of asteroids are also shown.
In the following, we describe how asteroid events are extracted and identified in the All-Sky Survey observation, and how their size and albedo are derived.
The Outline of Data Processing
An outline of data processing to extract asteroid events is summarized in the following (see also figure 3 ):
1. Point sources are extracted by pipeline processing from the IRC All-Sky Survey image data. The positions of extracted sources are matched with each other, and the sources detected more than twice are regarded as being confirmed ones and cataloged in the IRC-PSC. The detected sources not cataloged in the IRC-PSC are considered to consist of extended sources, signals due to high-energy particles, geostationary satellites, and solar-system objects such as asteroids and comets (sub-subsection 2.2.1). Hereafter, individual extracted point sources in the All-Sky Survey are called "events", and a summary of the events is called an "event list". The physical flux of each event is derived in the pipeline processing. 2. Identification of an event with an asteroid is made based on the predicted position of the asteroid with known orbital elements (sub-subsection 2.2.2). 3. Color corrections are applied to the fluxes of those events identified as asteroids, while taking into account the heliocentric distance of the object. Events with large errors, or those with very small fluxes are struck out from the list at this stage (sub-subsection 2.2.3). 4. The size and albedo of each identified event are calculated based on the Standard Thermal Model (subsubsection 2.2.4). 5. Further screening of the sources is performed and the final catalog is prepared (sub-subsection 2.2.5).
Event list for asteroid identification
The present asteroid catalog is a secondary product of the IRC-PSC. Thus, corrections for detector anomalies, image reconstruction, point-source extraction, pointing reconstruction, and flux calibration are applied in the same manner as in the IRC-PSC processing (Ishihara et al. 2010) . About 25% (S9W) and 18% (L18W) of the total events are not used for the IRC-PSC, and are analyzed in the present process (table 1).
Asteroid identification
Identifying events as asteroids is made based on the orbital calculation of the asteroids with known orbital elements. N -body simulations including gravitational perturbations with the Moon, eight planets, Ceres, Pallas, Vesta, and Pluto are employed for the calculation. We regard the other asteroids as massless particles. The orbital elements of the asteroids are taken from the Asteroid Orbital Elements Database F. Usui et al.
[Vol. 63, 12(10) method (Dormand et al. 1987 ) is used for the time integration with a variable time step.
The asteroid identification process is performed in the following steps:
1. A two-body (i.e., the Sun and a given asteroid) problem is solved at the epoch of the orbital elements of the asteroid to estimate the velocity and acceleration. 2. Given the observation time of an event detected by AKARI, the position of an asteroid is calculated back to that observation time by an N -body simulation. The integration time step is initially set as 1 d, and varied appropriately later in the following calculation. The calculated position is converted to the J2000.0 astrometric coordinates (i.e., the coordinates are revised with the correction for the light-time) since the positions of the events in the All-Sky Survey are given in the J2000.0 coordinates. AKARI has a Sun-synchronous polar orbit at an altitude of 700 km. The parallax between the geocenter and the spacecraft is not negligible, particularly if an object is one of near-Earth asteroids. The parallax amounts to an order of 30 00 . Thus, the apparent position relative to the AKARI spacecraft needs to be calculated. The spacecraft position is obtained by interpolation of the data from the AKARI observational scheduling tool, which serves for present purposes with sufficient accuracy. 3. The calculated positions are compared with those of events detected in the All-Sky Survey. If the predicted position of an asteroid is located within 2: 0 5 of the position of an event, the process goes to the next step. 4. The apparent position of the asteroid is recalculated with a higher accuracy, taking account of the correction for the light-time, the gravitational deflection of light, the stellar aberration, and the precession and nutation of the Earth's rotational axis. It takes a long computation time to use this process, and thus the calculation is made only for events tentatively associated with an asteroid in the previous step. 5. The revised position of the asteroid is compared again with the position of the corresponding event. If the asteroid is located within 7: 00 5, the position match is regarded as being sufficient and the process goes to the next step. 6. Then, we check the predicted V -band magnitude (M V ) of the asteroid at the observation epoch. If the predicted M V is too faint, the asteroid should not have been detected with AKARI and the identification is regarded as being false. M V is calculated by using the formulation of Bowell et al. (1989) with the calculated heliocentric distance, "AKARI-centric" distance, the absolute magnitude (H ), and the slope parameter (G). These H -G values are taken from the data set of Lowell Observatory as the same file as the orbital elements. These data mainly originate with the Minor Planet Center.
At the same time, the rate of change in right ascension and declination seen from AKARI, the elongations of the Sun and the Moon, the phase angle (angle Sun-asteroid-AKARI), and the galactic latitude are calculated for later processes.
If M V of the object is brighter than 23 mag, the event is concluded to be associated with an asteroid. Otherwise the event is discarded.
It should be noted that the 2: 0 5 threshold of the position difference in step 3 is determined as the maximum value of the correction for the light-time, assuming a virtual asteroid with the moving speed of 11000 0 hr 1 at 0.1 AU from the observer, as 11000 3600 . 0 s 1 / 0:1 .AU/ 499:005.sAU 1 / 2: 0 5;
and that the 7: 00 5 threshold in step 5 is determined as covering the signal shifted by 1 pixel on the detector by chance, where the pixel scale of the detector is 2: 00 3; the FWHM of the point source is 5: 00 5, 3 and the position uncertainty including the corrections in step 4 is assumed to be less than 1 00 .
Color correction and removal of spurious identifica-
tion Differences in color between asteroids and the calibration stars used in the IRC-PSC (mainly K-and M-giants, Ishihara et al. 2010) are not negligible because of the wide bandwidths of S9W and L18W and the continuum spectra in asteroids that cannot be assumed as being perfect blackbody or graybodies. Therefore, we empirically and approximatly express the colorcorrection factor as a polynomial function of the heliocentric distance of the object,
and
where F cc , F raw , E ccf , and R h are the color-corrected monochromatic flux at 9 or 18 m, the raw in-band flux, the color correction factor, and the heliocentric distance, respectively. This formula is evaluated using the predicted thermal flux and the relative spectral response functions of the S9W and L18W bands. The predicted thermal flux is calculated assuming that a virtual asteroid with d = 100 km and p v = 0.1 is located at a heliocentric distance of between 1.0-6.0 AU with a step of 0.05 AU, where d and p v are the size (diameter) and the geometric albedo, respectively. We determined the coefficients a 0 , a 1 , a 2 , and a 3 , as listed in table 2. The fitting errors of equation (2) to the calculated-model flux are 6% for S9W and 2.5% for L18W at most. The actual values of 1=E ccf are in ranges of 1.06-0.80 for S9W and 1.07-0.99 for L18W for a heliocentric distance of 1-6 AU. Up to this stage, the flux level of each event has not been taken into account in the identification procedure. We discard false identifications in the following steps based on the flux level:
Events with extremely large uncertainties in the flux are discarded. Here, we set the threshold of the flux uncertainty at 71 Jy for S9W and at 96Jy for L18W. These threshold values are determined by the 5 clipping method; i.e., the standard deviation ( ) of distribution of flux uncertainties for all events is determined and the event of the outside of the 5 value is discarded; 47 events at S9W and 101 at L18W are discarded on these criteria. In fact, this step efficiently excludes events affected by the stray light near the Moon. The faintest sources in the IRC-PSC have fluxes of 0.045 Jy at S9W and 0.06 Jy at L18W (Ishihara et al. 2010) . These values correspond to signal-to-noise ratios (S=N ) of 6 and 3, respectively. There are a few events of which fluxes are fainter than these values in the event list. Because of the low S=N of the fluxes, it is difficult to accurately derive the size and albedo of these objects. Thus, these objects are also excluded from the catalog.
Thermal model calculation
Radiometric analysis of the identified events was carried out with the calibrated, color-corrected, monochromatic fluxes described in sub-subsection 2.2.3. We used a modified version of the Standard Thermal Model (STM: Lebofsky et al. 1986 ). In the STM, it was assumed that an asteroid is a nonrotating, spherical body, and the thermal emission from the point on an asteroid's surface is instantaneously in equilibrium with the solar flux absorbed at that point. Then, the temperature distribution, T , on a smooth spherical surface of asteroid was simply assumed to be symmetric with respect to the subsolar point as:
where ' is the angular distance from the subsolar point. This assumes that the temperature on the nightside is treated as zero. The subsolar temperature, T SS , is determined by equating the energy balance so that the absorbed sunlight is instantaneously re-emitted at thermal infrared wavelengths; thus,
where A B , S s , Á, ", and are the Bond albedo, the incident solar flux, the beaming parameter, the infrared emissivity, and the Stefan-Boltzmann constant, respectively. It is usually assumed that
where q and p v are the phase integral and the geometric albedo. The phase integral, q, is given (the standard H -G system: Bowell et al. 1989 ) by
where G is the slope parameter. The scattered light is observed at optical to near-infrared wavelengths. The diameter can then be derived from the relation as
where d and H are the diameter in units of km and the absolute magnitude, respectively (see, e.g., Fowler & Chillemi 1992) .
In applying the STM, the parameters H and G, which are used in the identification process (sub-subsection 2.2.2), are also employed as an optical flux. The infrared emissivity, ", is assumed to be a constant of 0.9 as a standard value for the mid-infrared. The geometry is determined by the heliocentric distance, the AKARI-centric distance, and the phase angle. We assume a thermal infrared phase coefficient of 0.01 mag deg 1 as specified for the STM. For the error calculation, we assign uncertainties of 0.05 mag for H and 0.02 for G. While the beaming parameter, Á, basically accounts for the physical quantities relating to the surface roughness and the thermal inertia of the asteroid, it is used just as an empirical parameter, particularly in the STM.
The thermal flux of the model is calculated by integrating the Planck function numerically using equation (3) over a spherical asteroid of the diameter d under the condition of equation (7). The process is iteratively examined until the model flux converges on the observed value by adjusting the variables d and p v .
In the first analysis we concentrated on 55 selected, wellstudied main-belt asteroids , whose size, shape, rotational property, and albedo are known from different measurements (occultation, direct imaging, flybys, and radiometric techniques based on large thermal data sets), as listed in table 11 in appendix 2. These samples included asteroids having sizes of between 70 and 1000 km and albedos of from 0.03 to 0.4. The verification of the STM approach for a given AKARI asteroid was examined with this data set. Lebofsky et al. (1986) did a similar exercise for 1 Ceres and 2 Pallas and derived a beaming parameter of Á = 0.756 to obtain an acceptable match between the radiometrically derived size and albedo from N -and Q-band fluxes of ground-based observations and the published occultation diameters. For the AKARI data set of S9W and L18W, we adjusted the beaming parameter to obtain the best fit in the size and albedo between the values derived from the AKARI 2-band data and the known values. The best fit was obtained with Á = 0.87 for S9W and 0.77 for L18W. We also attempted to fit the 2-band data simultaneously with a single Á for those objects for which both data were available at the same epoch. However the overall match became significantly worse. We therefore decided to use different values of Á for each band.
Final adjustment and creation of the catalog
Thermal model calculations provide unreasonable values (either too bright or too dark) for some asteroids. They are regarded as false identification. We set the threshold of albedo at 0.01 < p v < 0.9 and those being outside the range were discarded. The number of the discarded events at this stage was 178 for S9W and 53 for L18W, 1% of the total identified events.
To obtain the final product, we took means of the size and albedo with the weight of the S=N for each object. For the IRC All-Sky Survey data, the S=N is given as a function of the measured flux (see figure 15 in Ishihara et al. 2010) . For the asteroids, 68% of S9W and 74% of L18W events reach the maximum S=N values, S=N = 15 for S9W and S=N = 18 for L18W. The corresponding flux is 0.6 Jy at S9W and 1.0 Jy at L18W. If all the fluxes of an asteroid are above these values, the weighted mean is equal to a simple arithmetic mean.
Finally, a total of 5120 objects (5079 numbered and 41 unnumbered asteroids) were included in the catalog of the AKARI Mid-infrared Asteroid Survey, named the Asteroid Catalog Using AKARI (AcuA).
Evaluation of the Asteroid Catalog
Uncertainty of the Catalog Data
One of the major contributions that cause uncertainties in the size and albedo is the uncertainty of the observed fluxes of the asteroids. It is expressed in terms of the S=N of the fluxes of the events in the IRC-PSC. As mentioned in subsubsection 2.2.5, the S=N reached a plateau at S=N = 15 for S9W and S=N = 18 for L18W. Thus, even for the best cases the uncertainties in the fluxes for S9W and L18W are 6.7% and 5.6%, respectively. These directly resulted in uncertainties in the size of 3.3% and 2.8% and in the albedo of 6.7% and 5.6%. It was inherent component in this work.
The absolute magnitude (H ) was adopted from the same data set of Lowell Observatory, as the orbital elements described in sub-subsection 2.2.2. The uncertainty in H is given as three levels: 0.5, 0.05, and 0.005 mag in the data set. We suspect that H has a large uncertainty, and is probably larger than those cataloged in some cases. Thus, we decided to give a constant uncertainty of 0.05 mag for those objects listed with uncertainties of 0.005 mag (963 asteroids) and 0.05 mag (4157 asteroids) of our 5120 cataloged asteroids, rather than using the original uncertainties in the data set. This corresponds to a 4.6% uncertainty in albedo and less in size. The slope parameter (G) was also taken from the data set of Lowell Observatory. In our cataloged asteroids, 5015 objects were assumed as G = 0.15, and others were provided severally. The uncertainty of G was assumed to be 0.02 uniformly. It has a small influence on the derived size and albedo, as expected in equation (6).
In our catalog, these three parameters, i.e., the observed fluxes, the absolute magnitude H and the slope parameter G are considered as the contributed factors for the uncertainties in the size and albedo. From these combinations, a typical value of uncertainties in size is 4.7%, and that in albedo is 10.1%. The other components discussed below were not used for the uncertainty calculation, because they were not appropriately quantified in this work.
In this work, we applied the STM (sub-subsection 2.2.4) to derive the size and albedo. It is assumed that an asteroid is a nonrotating, spherical body at a limit of zero thermal inertia. Thus, the flux variation due to rotation of an object was neglected. Detailed investigations require further information on the object, such as the individual shape model, the direction of the spin vector, and so forth. Since continuous observations with AKARI have at least a 100 min interval (one orbital period of the satellite) inevitably, light curves with fine time resolution cannot be obtained. Therefore, it is difficult to determine the detailed model parameters solely by AKARI observations. It is known that many asteroids have large amplitude ( 30%) in the light curves (Warner et al. 2009 ). This adds 3%-10% uncertainties in size, especially for asteroids with a small number of detections. Therefore, the uncertainties in the size and albedo originating from the flux uncertainty could be larger for those asteroids.
The model parameters in the STM are the emissivity ("), the thermal infrared phase coefficient, and the beaming parameter (Á). The first two parameters are given as fixed values in advance. Because of a severe constraint on the solar elongation, it is difficult to make observations with AKARI from several different phase angles. For this reason, the phase coefficient was fixed at 0.01 mag deg 1 in the present analysis (Matson 1971) . Different values were used for the beaming parameter, Á, for S9W and L18W. The different values were chosen to adjust the derived size and albedo to those reported in previous works. The failure of the single value of Á to provide good results in previous works may stem from the invalid assumptions in the STM. The beaming parameter is in fact not a physical quantity, but rather introduced to account for the observation empirically. AKARI did not observe an asteroid with the two bands simultaneously, which could affect the way of the adjustment of Á at the two bands. The uncertainty of Á, a 5% change in Á, leads to 4% at S9W and 2% at L18W in size and 8% at S9W and 5% at L18W in albedo, depending slightly on the albedo of the object.
The geometry is given by the heliocentric distance, the AKARI-centric distance, and the phase angle. These are dependent on the position accuracy of the IRC-PSC (less than 2 00 : Ishihara et al. 2010) , and the uncertainties of the obtained catalog values are negligible.
Total Number and Spatial Distribution
The number of asteroids identified in the AKARI All-Sky Survey is summarized in table 1. The net number of the asteroids detected with S9W and L18W in total is 5120. The number of asteroids detected at L18W is larger than that at S9W by about twice. The number of the point sources detected at S9W in the IRC-PSC is approximately four times as many as that at L18W. The opposite trend can be explained by the different spectral energy distribution of the objects; asteroids have typical effective temperatures of around 200 K and radiate thermal emission with a peak wavelength of 15 m, which can preferentially be detected at L18W, even if the difference in the sensitivity is taken account (figure 2). Stellar sources emit radiation with the peak wavelength at UV to optical, and are thus detected with a higher probability at S9W. A significant fraction of asteroids, particularly in the main-belt rather than the near-Earth, are detected only at L18W, but undetected at S9W because of the steep decrease in the thermal radiation in Wien's domain.
In figure 4 , we show the distribution of the identified asteroids projected on the plane of the ecliptic (i.e., the face-on view). The near-Earth asteroids, the main-belt asteroids, and the Jovian Trojans can be discerned in the plot, while Centaurs and Trans-Neptune objects were not detected in our survey. Figure 5 illustrates the number of detections of each asteroid with the AKARI All-Sky Survey. For comparison, we also plotted the number of detections for the point sources in the IRC-PSC around the plane of the ecliptic, which included galactic and extragalactic objects. AKARI basically observes a given portion of the sky at least twice in contiguous scans. Hence, a point source should have been observed four times at S9W and L18W in total. Because the lifetime of the AKARI cryogenic mission phase was 550 d, it observed a given portion of the sky at three different seasons. Accordingly, AKARI should have observed a point source on the ecliptic 12 times on average. The number could decrease because of the disturbance due to the SAA and the Moon or increase by the offset survey described in subsection 2.1. For the solar-system objects, the situation becomes complicated due to their orbital motions. Considering the rate of change in the ecliptic longitude (d =dt), there are only five objects in the AKARI catalog of 1: 0 66 hr 1 ), while the scan path of the All-Sky Survey shifts at most by 2: 0 47 hr 1 (= 360 ı yr 1 ) in the ecliptic longitude (i.e., in the cross-scan direction). The orbits of these objects are illustrated in figure 6. These objects, except for 7977, have a large number of detections, e.g., more than 15 times, suggesting that they keep up with the scan direction: 33 times for 137805, 23 times for P/2006 HR30, 22 times for 85709, and 15 times for 7096 Napier. Although P/2006 HR30 is classified as a Halley-type comet (the Tisserand invariant value of T J = 1.785: Hicks & Bauer 2007) and its cometary activity is reported (Lowry et al. 2006 ), we include this object as an asteroid in this paper; 7977 has only 3 detections at S9W, due to interference with pointed observations as well as to the "negative" effect of the offset survey. 366 Vincentina has d =dt = 0: 0 49 hr 1 , which is out of the range of the "keep up" speed mentioned above, but it was observed 16 times. It has three observation opportunities, and at one of them (2006 November) the number of detections increased by the "positive" effect of the offset survey.
Number of Detections Per Asteroid
The present catalog contains only asteroids orbiting in the same direction as Earth and no asteroids with retrograde motion are included. The sources with multiple detections are generally more reliable in terms of the confirmation. The IRC-PSC only includes objects that are detected at the same position at least twice. The present catalog has 5120 asteroids with N ID 1, and 3771 asteroids with N ID 2, where N ID is the number of events with S9W and L18W in total. It should be noted that the catalog includes asteroids with single detection (N ID = 1). The number of detections is listed in the catalog (appendix 1). Figure 7 shows the distribution of albedos as a function of the diameter for those asteroids detected with the AKARI AllSky Survey. An outstanding feature is the bimodal distribution in the albedo. It is also suggested that the albedo increases as the size decreases for small asteroids (d < 5 km), although the number of asteroids with a size of d < 5 km is not large. In the catalog, the smallest asteroid is 2006 LD1, whose size is d = 0.12˙0.01 km. The largest one is naturally 1 Ceres of d = 970˙13 km. Figure 8 illustrates histograms of the asteroids detected with the AKARI All-Sky Survey as a function of the size or the albedo. For comparison, the results of IRAS observations are also plotted. The IRAS catalog consists of 2228 objects with multiple detections and 242 objects with single detection (at the 12 m band). It clearly indicates that the AKARI AllSky Survey is more sensitive to small asteroids than IRAS. Concerning the size distribution of asteroids, the number is supposed to increase monotonically with the decrease of the size. Figure 8a , however, shows maxima at around d = 15 km for AKARI and 30 km for IRAS. The profiles of the histogram are similar to each other for those larger than 30 km, suggesting that IRAS and AKARI exhaustively detect asteroids of size d > 30 km and d > 15 km, respectively, but that the completeness rapidly drops for asteroids smaller than these values. We discuss further the size distribution in the following section. Figure 8b clearly indicates that the albedo of the asteroids has the well-known bimodal distribution (Morrison 1977b) . The bimodal distribution can be attributed to two groups of taxonomic types of asteroids. The primary peak at around p v = 0.06 is associated with C and other low-albedo types, and the secondary peak at around p v = 0.2 with S and other types with moderate albedo. Further discussion concerning the taxonomic types will be presented in a forthcoming paper (F. Usui et al. in preparation). Figure 9 shows the calculated V -band magnitude (M V ) against the color-corrected monochromatic flux of those events identified as asteroids; 3771 asteroids have multiple events in the AKARI All-Sky Survey. For example, 4 Vesta was observed with flux values of 134-139 Jy at S9W (2 times) and 474-604 Jy at L18W (3 times) with M V = 7.3; 1 Ceres was observed with flux values of 127-142 Jy at S9W (3 times) and 497-853 Jy at L18W (4 times) with M V = 8.9-9.0; 7 Iris was observed with flux values of 37-96 Jy at S9W (3 times) and 238-254 Jy at L18W (4 times) with M V = 9.3-9.4. The bimodal characteristic is also seen in figure 9 . A sharp cutoff of the flux below 0.1 Jy is the result of rejection of faint objects in the catalog processing (sub-subsection 2.2.3).
Size and Albedo Distributions
V-Band Magnitude of the Identified Asteroids
We set a threshold for M V in the identification process (in step 6 in sub-subsection 2.2.2). Those objects of faintest M V in figure 9 are 67999 (2000 XC32) with M V = 19.8 at S9W and 102136 (1999 RO182) with M V = 20.3 at L18W. It should be noted that both objects were observed only once in the AKARI All-Sky Survey. This result confirms that the threshold of M V = 23 in sub-subsection 2.2.2 is reasonable to select real asteroids. Figure 10 shows the estimated size of the asteroids as a function of the heliocentric distance at the epoch of the AKARI observation. It is reasonable that smaller asteroids were detected more in near-Earth orbits. No asteroids were detected inside of the Earth orbit, because the viewing direction of AKARI was fixed at a solar elongation of 90 ı˙1ı . The smallest asteroids detected around the Earth orbit, the outer main-belt (3.27 AU), and Jupiter's orbit (5.2 AU, Trojans) were 0.1 km, 15 km, and 40 km, respectively.
Detection Limit of the Size of Asteroids
Possibility of Discovery of New Asteroids
In asteroid catalog processing, we did not take into account the detection of new asteroids whose orbital parameters are not known. Reliable detection of unknown moving objects requires a high redundancy in the observations, which the AKARI All-Sky Survey did not provide. Unfortunately, the low visibility for observations around the plane of the ecliptic makes it difficult to reliably detect new asteroids solely from the AKARI All-Sky Survey database. However, it is also very likely that the AKARI All-Sky Survey database contains signals of undiscovered asteroids. In fact, we belatedly found that some asteroids had been detected with AKARI before their discovery. (Kowalski et al. 2007 ), had been observed on 2007 February 16 with AKARI (discoveries of these two were done by Catalina Sky Survey). Thus, whenever a new asteroid was discovered, we could check the detection in the AKARI All-Sky Survey database. (Tedesco et al. 2002a ), 1 respectively. The bin size is set at 100 segments for the range of 0.1 km to 1000 km in the logarithmic scale for (a) and 100 segments for the range of 0.01 to 1.0 in the logarithmic scale for (b). 
Comparison with Previous Works
Total Number of Detections
The total numbers of the detected asteroids with AKARI and previous works are summarized in table 3. The detected asteroids with AKARI are about twice as many as that with IRAS. A few hundred of asteroids were not detected with AKARI, which had been observed previously. Figure 11 shows the size distribution of the asteroids undetected with AKARI. Most observations of these asteroids were made with the Spitzer Space Telescope (SST) and with ground-based telescopes in programs to detect small asteroids. Figure 11 indicates that AKARI All-Sky Survey did not detect hundreds of small asteroids of d < 15 km due to the sensitivity limit. Figure 12 shows a histogram of the asteroids detected with AKARI, without IRAS detection. A clear peak appears at around a size of d 15 km, indicating that the AKARI AllSky Survey extends the asteroid database down to d 15 km. Table 4 lists large (d > 100 km) asteroids detected with AKARI catalog compared to IRAS (Tedesco et al. 2002a ), 1 MSX (Tedesco et al. 2002b ), 2 SST (summarized in appendix 3:C1-C10), and other observations (in appendix 3:D1-D67). The parameters d , p v , a, e, and i indicate the size (diameter), the albedo, the semimajor axis, the eccentricity, and the inclination of the asteroids, respectively. The references are summarized in appendix 3. The cited data refer to the underlined reference in the list. For those with the asterisks -that is, 375 Ursula, 190 Ismene, and 275 Sapientia -the AKARI data provide the first determination of the size and albedo. (table 5) . For these asteroids, the size information was derived from IRAS observations. All of these asteroids are distant objects, and belong to the Jovian Trojans, except for the three Hildas: 11542 (1992 SU21), 4317 Garibaldi (1980 DA1), and 13035 (1989 . The semimajor axes of these objects are larger than 3.9 AU. The closest heliocentric distances are 5.1 AU for the Trojans and 4.4 AU for the Hildas during the period of the AKARI All-Sky Survey observation. The largest asteroid that AKARI failed to detect was 22180 (2000 YZ), whose size is d = 64 km according to IRAS observations. We examined the original scan data for these undetected large asteroids, and confirmed that two asteroids, 22180 (2000 YZ) and 4317 (1980 DA1), can be seen in raw images of the All-Sky Survey data at L18W only once. They were, however, rejected because they were detected near to the edge of the detector. The other two asteroids, 14268 (2000 AK156) and 11542 (1992 SU21), are confused with stellar objects, since they are located at galactic latitudes of less than 1 ı at the epoch of the observation. For the other asteroids, no particular reasons for nondetection were found. Some of them may lose observation opportunities due to the offset survey operation mentioned in subsection 2.1. Deformed shapes, if any, may account for the nondetection with AKARI. Figure 13 shows a comparison of the size and albedo of 2221 asteroids estimated from AKARI and IRAS observations (table 6). The AKARI measurement is fairly in agreement with Table 6 . Number of the asteroids for which the size and albedo were estimated with AKARI and IRAS observations.
Comparison with IRAS
IRAS IRAS
N ID indicates the number of the observations. They are divided into four categories by N ID = 1 or more with AKARI and IRAS (a, b, c, and d) as shown in figure 13 . The number of the observations used in the estimate of the albedo. The number of the detections with S9W and L18W. Current version of ECAS (Eight-Color Asteroid Survey) 6 contains not only the database of the reflectance spectrophotometric survey but also related data set including the geometric albedo which we refer to in this table. The mean albedo is taken as the average value of the taxonomic classes that belong to the same taxonomic type, i.e., C-type: B, C, F, and G; S-type: A, Q, R, and S; X-type: X, M, and P; D-type: D and T; and V-type: V. Determination of the taxonomic classes for AKARI samples is based on the references summarized in appendix 4: E1-E42. the IRAS one. The correlation coefficients are 0.9895 for the size and 0.8978 for the albedo of the asteroids observed twice or more (1961 objects). However, there are large discrepancies in estimated size and albedo between several asteroids. We list these asteroids in table 7. The albedo of 1166 Sakuntala is estimated to be 0.65 from IRAS and 0.19˙0.01 from AKARI observations. Because this asteroid is classified as S-type, whose typical albedo is 0.216 [or 0.158 in the Eight Color Asteroid Survey (ECAS) data, 6 see table 8], an AKARI estimate is more likely to be correct. Two asteroids, 1384 Kniertje and 1444 Pannonia, have albedo values larger than 0.3 from IRAS, but 0.07 from AKARI. Since these two asteroids are of C-type (the mean albedo of 0.073 or 0.045 in ECAS), IRAS observations seem to overestimate the albedo. The albedo of 5661 Hildebrand is estimated to be 0.14 from IRAS and 0.049˙0.003 from AKARI observations. Since this asteroid is a member of Hilda group, the Hildas, composed of D-type asteroids (Dahlgren & Lagerkvist 1995) , which suggests the low albedo, the AKARI result seems to be more likely than the IRAS.
The discrepancy in the size estimate demands more detailed investigation. For 1 Ceres, the largest asteroid in the main belt or one of the dwarf planets, IRAS and AKARI estimate the size to be 850 km and 970˙13 km, respectively. Hubble Space Telescope observations (Thomas et al. 2005) derive it as 974.6 909.4 km, supporting the AKARI estimate. The 5 other asteroids listed in upper rows of table 7 only have sizes determined differently with IRAS and AKARI, and thus it is difficult to conclude which of the observations would be more accurate. Further observations and measurements are needed to understand the discrepancy in size between IRAS and AKARI. 
Concluding Remarks
We have created an unbiased, homogeneous asteroid catalog, which contains a total of 5120 objects. This is the second generation of asteroid surveys after the IRAS observation. The present catalog revises the properties of several asteroids. The catalog is publicly available via the Internet. This catalog will be significant for various fields of solar-system science, and contribute to future Rendezvous and/or sample return missions of small objects.
This study is based on observations with AKARI, a JAXA project with the participation of ESA. We would like to thank all members of the AKARI project for their devoted efforts to achieve our observations. We are grateful to I. Yamamura for kindly providing us with the computer environments, and also to A. Yoshino and the staffs of C-SODA, ISAS/JAXA for their steady arrangements of a web server for the public release of our catalog. Thanks are due to the referee, Simon Green, for his careful reading, and providing constructive suggestions, which have greatly helped to improve this paper. FU would like to thank C. P. 
Appendix 1. Format of the AKARI/IRC Mid-Infrared Asteroid Survey
The Asteroid Catalog Using AKARI (AcuA) is publicly available on a web server 7 "Data ARchives and Transmission System (DARTS)" provided by Center for Science-satellite Operation and Data Archives (C-SODA) at the Institute of Space and Astronautical Science (ISAS), Japan Aerospace Exploration Agency (JAXA). It contains 5120 asteroids detected in the mid-infrared region along with the size, the albedo, and their associated uncertainties. It is in a standard ASCII file with a fixed-length record. Each line corresponds to each object with 10 columns. A summary of the format is given in table 9. NUMBER, NAME, and PROV DES are the asteroid number, the name, and the provisional designation, which follow the formal assignment overseen by the IAU Minor Planet Center. HMAG and GPAR are the absolute magnitude and slope parameter taken from the Asteroid Orbital Elements Database of the Lowell observatory. NID gives the number of detections at S9W and L18W in total. DIAMETER and ALBEDO are the estimated size (diameter) 7 hhttp://darts.jaxa.jp/ir/akari/catalogue/AcuA.htmli.
and albedo, while D ERR and A ERR are their uncertainties estimated from the thermal model calculations. Users should note objects with single detection (NID = 1). Examples of the catalog data are given in table 10.
